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  Abstract: The swing amplitude of the piezoelectric cantilever can be improved via apply ing a nonuniform mag
netic for ce on its fr ee end. T he effect of the magnet ic fo rce on the resonant fr equency shift, output vo ltag e and output
power of the cantilever has been investig ated. T he results show ed that the output voltage and output power of the
cantilever could be im proved obv iously when a nonlinear magnet ic r epulsion fo rce was applied. When a 100 k resis
to r w as loaded and the v ibrato r ( LDS, L ing Dynamic System) was driv en by 0. 200 V sine wave voltage, the output
voltage and output power o f the cantilever , which w as composed of a piece of PLZT ( size of 75 mm  7. 8 mm  0. 35
mm) and a piece of brass ( size o f 80 mm  7. 8 mm  0. 10 mm) , w ere found to be 19. 02 V and 1. 8 mJ respectiv ely
at resonant frequency .
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1  磁增强压电悬臂梁的制作和性能测试
?????????? Pb1- 1. 5x Lax ( Zr0. 58
Ti0. 42 ) 1- 1. 25y NbyO 3 + 0. 01% Bi2O3 ( PLZT, x =
0. 06, y= 0. 02, ????)??????????
????,?? 1 285  ?? 90 min??????
75 mm  7. 8 mm  0. 35 mm ? 75 mm  7. 8 mm 
0. 20 mm ??????X ????( Philips Dual
X pert )???? PLZT ???????????
???????? 4. 0 kV / mm ???? 80  ?
? 10 min?????? ???? ??? ?
( HP4294A)? d33???( ZJ3)????????
??????????????????,?? 1
???????????, ??????????
?,???????????????????
350 m ? PLZT ??????
表 1  PLZT 陶瓷片和厚膜的性能
?  ? ?? ?? ??
??/ mm 0. 200 0. 350 1. 230
????/ ( kV  mm- 1 ) 4. 0 4. 0 4. 0
d33 / ( pC  N- 1 ) 664 675 682
kt 0. 51 0. 51 0. 51
k 31 0. 31 0. 33 0. 33
 2 821 2 939 2 950
tan  ( 1 kH z) 0. 035 0. 031 0. 030
  ? PLZT ???????????? 100
m?? 80 mm?? 8 mm ???????????,
??????????????????????
????????? 5 mm  5 mm  1 mm(???
?? 2 mm) ? NdFeB ??, ??????
10 mm  5 mm  1 mm(????? 3 mm)? Nd
FeB???????????????????
????????, ?? 1??????????
?????????, ????????????
????????,?????????????
???????
? 1  ?????????????
?????????( LDS)????????
?????????????????????
?????????????????????
( < 100 Hz)??????, ??????????
? 0. 2 V ??????????????????
????????? HP Inf inium 54820A ???
???
2  结果与讨论
2. 1  ?????
??????,??????????????
????????????? x ,????? z??
????????,?????????????
T p= E p ( S1- g31D 3 ) (1)
E3 = - g31T p+ T33D 3 (2)
??: S 1= - z ?T p ??? x ????????,
?????; g31???????; Ep ?????
?????; D 3 ? E3 ??? z ????????
???; T33= 1/T33??????, T33? z ????
????
??????????????????,?
?????????, ????????????
??????????????????????
?,????????? x ?????????,
??? EulerBernoulli???????????
??? z s??????????????,???
??
M= nw0z sz s- hp z T pdydz +w0z s- hph+ z s z Tm dydz=
  ( x- L )F (3)
??: L?W ? h ????????????,?? p
? m ?????????; n ???????;
T m= Em S1 ???? x ??????
????????????????????
???????????? [ 7]
U g ( F) =
9(1- ) (1- + ) 22k231L 3
2A BEpWh 3
F
2
(4)
?
U g ()= 9(1- )22 k231Ep A Wh3
32(1- + ) BL 3 2 (5)
??
A = 4(1- ) 2- 2(22- 3+ 2) ( 1- )+ 1 (6)
B= A (1- + ) (1+ k231 )- 32 (1- ) 2k231 (7)
k
2
31= Epg231 / T33 (8)
??: ??????????????; = Em / E p
??????; E m??????????; k31??
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????? F??????? F??3?????
F= F??+ F??+ F?? ( 9)
???????????,???????, ?
??????????????????????
????????,?????????????
?????????????????, ????
??????????? r ??????????
????????, ???? 1/ r 2 ?????? r
??????, ???????????????
?????????,???
r= 2L sin(/ 2) (10)
F??+ F??  1
4L
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2. 2  ??????????
? 3??????????????????
???????? 17 mm ??????????
?????????????????????
70 Hz,??????????? 170 k  ,????
????????????????? 92 Hz??
?? 120 k ?
? 3 ?????????
? 4??????????????????
? 0. 200 V ????????????(????
???????) ,??????????????
?????,?????????????,???
??????????, ???????????
??????????, ???????????
??????????????????????
??????????????????????
????????
???????????????????
????????????,?????????
??????????????????????
?????????????, ????????
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??????????, ???????????
?????PLZT ??????????????
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????,????????????? 3???
?,??????? 1 ????????????
???????,????? PLZT ??????
?????????????, ????????
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????????
? 6?????????????????
?????????????????????
?,??????????????????
W = V
2
p p / 2R (12)
??: V p p????????; R ????????
???????????????, ??????
??????? 100 k  ???????????
?????????????????????,
??????????????????????
??????????????, ???????
??????????????, ???????
??? 10 mm???????????,????
?????????????????????
?,????????????? 2 M ????
????????, ?????????????
??????,???????????????
?????????????? 1/ 30?????
???????, ?????????????,?
??????????????????????
???????????????, ??????
????????,?????????????,
??????,?????????
? 6  ???????????????
3  结束语
????????????????????
?????????, ????????????
?,????????????????????
???, ???????????????
75 mm  7. 8 mm  0. 35 mm ? PLZT?80 mm 
7. 8 mm  0. 10 mm ???????? 5 mm 
5 mm  1 mm ?10 mm  5 mm  1 mm ??? Nd
FeB??????????, ?? 100 k ???
?????????? 19. 02 V ? 1. 8 mJ???
?? 0. 200 V ???????
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  ?????????? 48 r / min,?????
?? 0. 67 W, ????? 19. 7%, ??????
0. 39 N m,?????? 22 mm ,???????
17. 7 N, ?????? 110. 5 mm/ s???????
?????, ?????????????? 150
r/ min,?????? 345. 4 mm/ s?
?????????? 44. 8 r/ min, ????
??? 0. 61 W,????? 18. 1%, ??????
0. 37 N m,?????? 22 mm ,???????
16. 8 N, ?????? 103. 2 mm/ s???????
?????, ????????????? 146. 4
r/ min,?????? 337. 1 mm/ s?
4  结束语
????????????????????
 V???????????????????,
?????,????????????????
??????????????????????
???????? YW8???????????
???????????????????????
????,???,??????????????
?????,???????? 17. 7 N, ????
? 0. 67 W, ????? 19. 7% , ???????
345. 4 mm/ s?
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